Abstract -The objective of this work was to validate a fast method with low-solvent use, for the analysis of trans-resveratrol and quercetin in red wines. The wines were prepared, using a classical method, from the grape (Vitis vinifera) cultivars Cabernet Franc, Cabernet Sauvignon, Malbec, Merlot, Petit Verdot, Pinot Noir, Ruby Cabernet, Syrah, Tannat, and Tempranillo. Samples were filtered and analyzed by high-pressure liquid chromatography (HPLC) with a diode array detector (DAD), at 306 and 371 nm, for trans-resveratrol and quercetin, respectively. An octylsilane column was used, and the mobile phase was composed by a gradient of methanol, water, and formic acid. The method was validated according to the following figures of merit: specificity, linearity, limit of detection, limit of quantification, precision, accuracy, and robustness. The proposed HPLC-DAD method may be established for the analysis of trans-resveratrol and quercetin in red wines.
Introduction
Polyphenols from grapes and wines, such as transresveratrol and quercetin, show a great biological activity and are of interest to medicine, nutrition, and related fields (Ribéreau-Gayon, 2006; Flamini et al., 2013) . For this reason, both polyphenols are the most researched ones in viticulture and enology, which involves different wine cultivars, edaphoclimatic factors, production regions or technologies for wine elaboration (Baptista et al., 2001; Malovaná et al., 2001; Careri et al., 2003; Monagas et al., 2005; Pereira et al., 2010; Aznar et al., 2011; Fontana & Bottini, 2014) .
A great limitation of chemical analysis for the detection and quantification of these compounds is that wines are complex samples, mainly due to the diversity and the high levels of organic compounds (Guerra, 2010; Delcambre & Saucier, 2013) .
Considering these factors, the selective instrumental methods, like the high-performance liquid chromatography (HPLC), are basic to perform qualitative and quantitative analyses of specific Pesq. agropec. bras., Brasília, v.51, n.5, p.335-343, maio 2017 DOI: 10.1590/S0100-204X2017000500007 polyphenols in wines (Baptista et al., 2001; Malovaná et al., 2001; Careri et al., 2003; Monagas et al., 2005; Ribéreau-Gayon, 2006; Pereira et al., 2010; Aznar et al., 2011; Fontana & Bottini, 2014) . Besides this technique, there is a more advanced technology in this equipment line, which is the ultra-performance liquid chromatography (UPLC) that may be associated to a diode array detector (DAD) (Silva et al., 2011) or to mass spectrometry (Ignat et al., 2011; Vrhovsek et al., 2012) . However, the UPLC equipment is not available in many laboratories worldwide (Pereira et al., 2010) , including those related to enology in Brazil, as this is an expansion field in this country.
The scarcity of publications with specific assays for polyphenols in Brazilian wines indicates that most of the evaluations have been performed by generic and nonselective techniques, such as the determination of total polyphenols in ultraviolet-absorption spectrophotometers (UV) (Ribéreau-Gayon, 2006; Ignat et al., 2011) . Hence, the use of HPLC-DAD, which is a more accessible technique than UPLC, and more reliable than UV, would enable the development of strategies to advance the quality of Brazilian products.
One of the drawbacks of HPLC-DAD is that most of the methods for simultaneous analysis of transresveratrol and quercetin are time consuming, taking longer than 30 min to promote the separation of a variety of compounds with high-chemical similarity (Baptista et al., 2001; Malovaná et al., 2001; Careri et al., 2003; Monagas et al., 2005; Pereira et al., 2010; Fontana & Bottini, 2014) . The possible reason for this high-time taking is the simultaneous analysis of trans-resveratrol, quercetin, and other bioactive polyphenol markers in red wines. In many of these cases, even the sample preparation requires a laborious and costly procedure (Baptista et al., 2001; Malovaná et al., 2001; Monagas et al., 2005; Ignat et al., 2011; Fontana & Bottini, 2014; Silva et al., 2017b) . However, it has been observed that when the goal is the exclusive determination of transresveratrol and quercetin, the time of analysis can be greatly reduced, and the sample manipulation can be simplified, maintaining the results trustable.
Besides the practicality, these optimizations in the technique of analysis allow of the reduction of the mobile phase (MF) volume, the costs, and the generation of chemical residues (Tobiszewski & Namiésnik, 2012) . The HPLC-DAD methods published to date do not simultaneously consider the ideal characteristics of trans-resveratrol and quercetin analysis in Brazilian oenological laboratories, such as: speed of analysis, practicality in the preparation of samples, validation according to Anvisa (2003) requirements, and the application in red wine samples (Baptista et al., 2001; Malovaná et al., 2001; Careri et al., 2003; Monagas et al., 2005; Ribéreau-Gayon, 2006; Pereira et al., 2010; Aznar et al., 2011; Fontana & Bottini, 2014) .
The objective of this work was to validate a fast method with low-solvent use, for the analysis of transresveratrol and quercetin in red wines. ) to direct sunlight (Baptista et al., 2001; Castellari et al., 2002; Monagas et al., 2005) for 48 hours. The solutions for the method validation were prepared from the stock solution, as described in the following merit figures. As a diluent of these solutions, a synthetic wine was adapted from Malovaná et al. (2001) , which was composed of: ethyl alcohol 12% v/v, 5.5 g L -1 L-tartaric acid, and pH 3.5 adjusted with 1 mol L -1 sodium hydroxide.
Materials and Methods
Acetonitrile (ACN), MeOH, formic acid (FA), and L-tartaric acid were suitable for HPLC (Sigma-Aldrich, St. Louis, MO, USA). Ethyl alcohol, sodium hydroxide, and hydrochloric acid were analytical grade (Merck, Darmstadt, Germany). The solutions were prepared with ultrapure water Milli-Q (Millipore, Billerica, MA, USA). All MF were previously degassed for 10 min, using a T50 ultrasound (Thornton, Porto Alegre, RS, Brazil), a CL vacuum pump (Fanem, São Paulo, SP, Brazil), and manual agitation.
The preparation of each solution for analysis in HPLC-DAD (Shimadzu, Kyoto, Japan) consisted of 2 mL filtration through a polyvinylidene fluoride (PVDF) membrane with 0.45 μm pores (Millipore). LC-10AD pumps, and hand-held injector (Rheodyne, Bensheim, Germany). Data were obtained and analyzed using the Class-VP application, version 6.12 (Shimadzu, Kyoto, Japan). The methods of Kerem et al. (2004) and Malovaná et al. (2001) were references for the selection of organic MF (MeOH or ACN, and 0.1% v/v FA as additive), column (octylsilane "C8", or octadecylsilane "C18" stationary phases), and organic MF gradient (starting in 0, 30, and 50%, with a maximum of 70% v/v). The tested columns were: C8 -4.6 x 150 mm, 5 μm particles, 100 Å pores (VertiSep UPS, Vertical, Muang, Nonthaburi, Thailand); C8 -4.6 x 150 mm, 5 μm particles, 100 Å pores, 5 C8 (ACE, Aberdeen, Craibstone, Scotland); and C18 -4.6 x 150 mm, 5 μm particles, 120 Å pores (ODS Hypersil, Thermo, Waltham, MA, USA).
The appropriate merit figures for the validation of analytical methods were evaluated according to the following technical descriptions and acceptance limits of Anvisa (2003): specificity, linearity, limits of detection, quantification, precision, accuracy, and robustness. The 'Merlot' samples 1 and 2, from the 2012 harvest in the state of Rio Grande do Sul, were used as a matrix model for validation. SAS/STAT software was applied for data analyses and for the obtention of estimates of these merit figures (SAS Institute Inc., Cary, NC, USA).
Specificity was assessed by analyzing the polyphenols that could interfere with the method, including cis-resveratrol. In addition, the transresveratrol and quercetin standards were subjected to stress condition by acid hydrolysis, in order to obtain possible degradation products (Anvisa, 2003) . Solutions were analyzed in triplicate. To this end, the standard solution (20 mg L -1 of each) was mixed with an equal volume of 0.1% v/v hydrochloric acid (pH 1.8) and exposed to 30 min ultrasound. For each of these specificity assays, the chromatograms were evaluated by DAD (Anvisa, 2003) , and the results were compared to an integral standard solution.
An additional specificity assay was performed by analyzing the stability of the analytes against the storage conditions of the 'Merlot' samples (1 and 2), which were stored in microtubes at -20 °C for 21 months. Besides, an attempt was made to concentrate the analytes in the sample by heating, adapting the method proposed by Monagas et al. (2005) , by using a rotary evaporator at 30 °C. For this, the thermolability was investigated by evaporation of 5 mL of each sample until dryness in a water bath (50°C), followed by reconstitution of the residue in 1 mL of the same diluent used for the analytical standards.
Variance analysis of the obtained area integrations to construct the standard curves in three different days was used to evaluate the linearity of the method. Standard curves were constructed with solutions containing 2.0, 10.0, 15.0, 25.0, and 35.0 mg L -1 of each analyte. The correlation coefficient (r) and the equation of the line for each standard were determined by linear regression using the method of least squares. In addition, the standard curves were determined over two years by control charts, in order to monitor the intercept and slope values corresponding to each analyte. The acceptance limit was the mean±2σ (standard deviation) of the obtained values.
Limits of detection and quantification were estimated from linearity data, such as the mean standard deviation of the intercept of three standard curves and the linear correlation coefficient (Anvisa, 2003) .
For the precision and accuracy tests, three levels of trans-resveratrol and quercetin standards were added to the 'Merlot' 2 sample: low (10 mg L ). The precision, expressed in terms of coefficient of variation (CV%), was calculated based on the quantifications of six injections of these samples fortified with standards in HPLC-DAD. To evaluate the accuracy, the effect of the matrix in each fortified wine was verified by means of recovery calculations (%) of the added standard.
Robustness was investigated by the evaluation of small variations in the chromatographic conditions most susceptible to changes (Anvisa, 2003) . Thus, the MF composition of 0.10% v/v was modified to 0.09 and 0.11% v/v of FA. Another tested modification was in the mark of the reverse phase column C8 used in the validation, that is, the Vertical column was changed by the ACE one.
After validation, the method was evaluated by the analysis of 12 experimental wine samples, which were elaborated by the classical method (Guerra, 2010) were 'Merlot' (1 and 2), two were 'Petit Verdot' (1 and 2), and one sample of each of the other cultivars.
Peaks of trans-resveratrol and quercetin were identified in the chromatograms of the samples, by comparing the retention times (R T ) and spectra in the ultraviolet (UV) region with the respective standards. Quantification was performed by determining the peak areas of the analytes.
Results and Discussion
In the development phase of the HPLC-DAD method, a MF composed by MeOH showed suitable values (FDA, 1994) for resolution (> 2.0), and peak asymmetry (≤ 2.0), while the use of ACN resulted in asymmetry higher than 2.0. The C8 phase columns provided a shorter elution time than the C18 column, without affecting the resolution and the asymmetry. The organic MF starting at 50% provided the shortest analysis time (10 min), in comparison to 0 and 30% v/v (15 min). Therefore, the most suitable chromatographic parameters according to resolution and peak asymmetry, associated to the shortest analysis time, were obtained with the chromatographic conditions for the developed method (Table 1 ). The proposed HPLC-DAD method is fast, with the chromatogram obtained in only ten minutes, while others previously established for analysis of polyphenols take times longer than 30 min (Baptista et al., 2001; Malovaná et al., 2001; Careri et al., 2003; Monagas et al., 2005; Pereira et al., 2010; Fontana & Bottini, 2014) . This time reduction of the analysis was due to the exchange of the traditionally used column C18 by another with a somewhat more polar (C8) stationary phase, as well as by the use of a gradient with a high proportion of organic MF at the beginning of the method (MeOH 50% v/v).
The wavelengths (nm) for the detection of each analyte (10 mg L -1 ) were set according to the maximum wavelengths (λ max ) obtained for each standard individually, without interferences of the neighboring peaks and the standard diluent (Figure 1 A) . Thus, the λ max of 306 and 371 nm were established for the quantifications of trans-resveratrol and quercetin, respectively.
The R T were about 4.1 (trans-resveratrol) and 8 min (quercetin), which are lower than those reported in the literature (Baptista et al., 2001; Malovaná et al., 2001; Careri et al., 2003; Monagas et al., 2005; Pereira et al., 2010; Aznar et al., 2011; Fontana & Bottini, 2014; Silva et al., 2017a) . Peaks of trans-resveratrol and quercetin of the 'Merlot' 2 sample showed an adequate separation, allowing of the integration of their areas (Figure 1 B) . The red wines showed several more intense peaks which are probably from other polyphenols at high concentration, such as anthocyanins (Ribéreau-Gayon et al., 2006; Guerra, 2010) .
Polyphenols with chemical characteristics similar to trans-resveratrol (cis-resveratrol and trans-resveratrol-3-b-D-glucopyranoside) and quercetin (myricetin, kaempferol, and quercetin-3-O-glycoside), as well as the degradation products did not interfere with the peaks of interest ( Table 2 ). The elution order of the analytes and interfering compounds was the same as that obtained by other authors (Baptista et al., 2001; Castellari et al., 2002; Wang et al., 2002) . The acid hydrolysis products had lower R T than the analytes, therefore, they are more polar than their precursors and did not interfere in their analysis ( Table 2 ). The chemical stability of analytes in acid medium was not determined in previous studies (Baptista et al., 2001; Malovaná et al., 2001; Careri et al., 2003; Monagas et al., 2005; Pereira et al., 2010; Fontana & Bottini, 2014) . In the evaluation of the analyte stabilities at -20°C, the chromatographic profile was not altered and the analytes were reduced to acceptable levels of ±15% (Table 3) (Anvisa, 2003) . These results indicate that the storage of samples in freezer is adequate within the evaluated period. However, another study investigated the stability of trans-resveratrol in MeOH solution at -20°C, and it determined a maximum time of five days for stock under these conditions (Wang et al., 2002) . Ideally, each laboratory should carry out the stability tests, in order to establish the best conditions for storage and preparation of the samples.
The samples showed low values of recovery when subjected to 50ºC (Table 3 ). This indicates that this method for concentrating samples through heating is not adequate. In addition, a high CV% was found, justified by the excessive handling of the samples and by the need to reconstitute the obtained residues in the diluent. Monagas et al. (2005) carried out the concentration of polyphenols in wines by a rotary evaporator at 30ºC. Considering that rotary evaporator is not always available in laboratories, and complying with the purpose of providing a simple possible method, this method was disregarded in this study.
The method showed linearity in the range from 2.0 to 35.0 mg L -1 for each analyte, with correlation coefficients above 0.99 (Table 3 ). The analysis of variance showed the high significance of the linear regression effect (p<0.01), and that there was no significant deviation from linearity (p>0.10). Regression residual analysis indicated that there was no transgression to the simple linear model. For most of the standard curves used in the control chart (1 to 10), the slope and intercept values corresponding to the equation of the line of each analyte were kept within normal limits, mean±2σ (Figure 2 ). Only one point was out of limits, which can be observed in the transresveratrol intercept (curve 4, Figure 2 A). For this reason, laboratories can use tools like control charts to follow the standard curves, especially in exchange cases of equipment, analysts, and chemicals. In this way, it is possible to identify possible laboratory errors related to the standard curve. The control chart data can be used as research aid, in case of results from areas outside the specification, as indicated by the FDA (2006) and Kuselman et al. (2012) .
The limits of detection and quantification were determined and were lower than the levels usually found (0 to 6.5 mg L -1 for trans-resveratrol, and 0 to 8.84 mg L -1 for quercetin), mainly for red wines (Baptista et al., 2001; Malovaná et al., 2001; Careri et al., 2003; Monagas et al., 2005; Guerra et al., 2008 ; Pereira et al., 2010; Silva et al., 2011; Vrhovsek et al., 2012; Fontana & Bottini, 2014) . According to CV% values (less than 15%), the method was considered accurate (Table 3) . Accuracy was shown by recoveries between 85 and 115%, indicating that the matrix does not interfere with the developed methodology.
The method was also robust as for the changes in the concentration of FA in the MF and in the column mark, since the peaks did not change significantly (CV <5.0%) for their R T and areas (Table 3 ). The pH of the original MF (0.1% v/v FA) was 3.19, and underwent a slight variation in the concentrations of 0.09% v/v (pH = 3.30) and 0.11% v/v (3.10).
The results obtained for the merit figures evaluated for this HPLC-DAD method were in agreement with the acceptable limits (Anvisa, 2003) . Most of the previous studies did not show or perform a partial validation (Malovaná et al., 2001; Castellari et al., 2002; Kerem et al., 2004; Monagas et al., 2005; Pereira et al., 2010; Aznar et al., 2011) . Baptista et al. (2001) , Careri et al. (2003) , and Silva et al. (2017a) validated a method by HPLC-DAD; however, these authors applied it for 60, 35, and 30 min, respectively. Fontana & Bottini (2014) and Silva et al. (2017b) validated a method by HPLC-DAD which requires a complex sample preparation. Silva et al. (2011 ), Silva et al. (2017b ), and Vrhovsek et al. (2012 validated methods for assaying various polyphenols in wines using the UPLC equipment.
For each analyte peak of most red wines, a purity greater than 95% was found, which reduces the possibility of coelution with other compounds. An exception was observed for wines of the cultivars Syrah, Tempranillo, and Petit Verdot, with a peak purity of 90-95% for trans-resveratrol. Therefore, if purity peaks less than 90% are observed, it is advisable to use a longer run-time method to promote a better separation between the analyte and interferers (Kazakevich & Lobrutto, 2007) . It is possible, then, to ensure compliance with the selectivity requirements recommended by regulatory agencies (Anvisa, 2003) . The twelve red wines showed variations for the contents of the polyphenolic compounds (Figure 2) . The values varied according to the expected ones for the analyzed cultivars (Guerra et al., 2008) . For wines, the levels of trans-resveratrol varied from 2.46 to 15.88 mg L -1
, and those of quercetin from 3.85 to 26.51 mg L -1 (Figure 3) . These results were similar or superior to those obtained in previous studies on red wines from several regions worldwide (Baptista et al., 2001; Careri et al., 2003; Monagas et al., 2005; Pereira et al., 2010; Silva et al., 2011; Vrhovsek et al., 2012; Fontana & Bottini, 2014) . A higher concentration of quercetin (38.55 mg L -1 ) was found in samples of wines from the Canary Islands (Malovaná et al., 2001) . The samples of 'Pinot Noir' and 'Merlot' 2 showed high values of the two (1) Average (%) and CV% calculated for recovery (n = 3).
(2) Calculated from standard solutions analyzed over the same sample period (curves 1, 2, and 3 of Figure 3) . analytes, in contrast to 'Malbec' (Figure 3) . Analyses of a greater number of samples of these cultivars are required to verify if these contents are typical of the region under study.
Conclusions
1. The method developed by HPLC-DAD is suitable for the analysis of trans-resveratrol and quercetin in red wines.
2. This HPLC-DAD method is faster and generates less volume of chemical residues than those available in the scientific literature.
